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Abstract
This paper investigates the influence of solar radiation models on Climate-Based
Daylight Modelling (CBDM) evaluations. The solar radiation model currently
implemented in CIBSE files is compared with high-accuracy reference data, and a
new approach based on measured data and separation models is proposed. An
in-depth survey of solar radiation data currently available for British locations is also
presented. The analysis on solar radiation data and models showed that the current
climate files under-estimate all irradiance components, whereas a combination of Met
Office data and the Skartveit separation model can drastically improve irradiance
estimates. The use of this improved model to derive irradiance values led to a
significant improvement in the reliability of CBDM results as well.
Keywords Standard Climate Files; Solar Radiation; Weather Data Networks;
Climate-Based Daylight Modelling; Building Performance Simulation.
1 Introduction
There is a long tradition of meteorological data recording in the United Kingdom, with
the longest existing series of monthly temperature data recorded in Central England
starting in 1659 (1). However, other types of data required for building simulation –
such as solar irradiation and illumination quantities – began to be routinely and
extensively collected only in the latest three decades.
The solar radiation data that are currently contained in standard, future and extreme
weather data files are derived from more readily-available cloud cover time series
rather than being based on direct measurements. As the reliability of building
simulation output becomes an ever more important consideration (e.g. for compliance
purposes), it is vital that stakeholders have confidence in key input data such as the
climate files. This is particularly – but not exclusively – relevant for Climate-Based
Daylight Modelling (CBDM), which introduced the contribution of climate variability
(i.e. sunlight and skylight) in the quantitative evaluation of daylight.
Building Performance Simulation (BPS) makes extensive use of climate files to
represent boundary conditions when evaluating building designs. The original scope
of these files was to represent typical environmental conditions in a single year, for
use in energy performance analysis (2). For any location, the so-called Typical
Meteorological Year (TMY) is constructed by collating the most representative
months, usually selected from a dataset of 10–15 years (3). CIBSE followed a similar
procedure for the creation of its Test Reference Years (TRYs) (4), which should not be
confused with the American TRYs (composed of data from a single year). Other types
of climate files became necessary to study the impact of climate change and the
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effect of extreme weather conditions. CIBSE releases several datasets of climate files,
for use in overheating studies, future-proofing analysis, etc. The maps in figure 1(a)
displays the 14 locations for which CIBSE climate datasets are available. The present
paper focuses on the investigation of solar radiation data in the standard reference
climate files (referred to as TMY in the text).
A number of additional evaluations – including daylighting – started utilising climate
files to represent the external environment. For CBDM, direct normal irradiance and
diffuse horizontal irradiance are usually required to recreate the luminous sky
distribution at each time step. One of the most widespread climate file formats, the
Energy Plus Weather (EPW), contains both sets of the three irradiance and
illuminance components (global and diffuse horizontal, direct normal). However, these
quantities are very seldom measured directly. For example, in all CIBSE and
ASHRAE climate datasets they are derived from cloud cover and other weather
variables through the use of solar radiation models. Copper and Sproul (5)
investigated the effect of changing solar radiation models in building energy modelling
for Australian locations. A few papers investigated the effect on CBDM metrics of
using standard climate files from different sources (6, 7), although none of them
looked more deeply at the difference in solar radiation models implemented in those
datasets. The present paper analyses in depth how solar radiation models are
implemented in CIBSE climate files and what are the consequences for CBDM. It also
proposes an alternative approach for British locations, based on Met Office global
horizontal irradiation data and on the use of separation models to derive diffuse and
direct irradiation components.
2 UK Weather Data Networks
To improve the quality of solar radiation data available within climate files, it is
essential to understand what types of measures are routinely collected on the British
territory. Only datasets including multiple locations representative of the variability of
the UK climate can be considered. Moreover, datasets with at least 10 years of
complete time series are necessary to represent long-term averages. It is also
preferable to use data from recent years, to account for any effect of climate change
on typical environmental conditions.
In this Section, three weather and solar radiation networks with stations in the UK are
presented and discussed: (i) the Met Office weather and solar network; (ii) the
Baseline Surface Radiation Network; and (iii) the Public Health England solar
radiation network. The main characteristics of each network are summarised in Table
1. Figure 1(b) shows the location of the weather stations for each of these three
networks. The variables reported in the Table are: Global Horizontal Irradiance (GHI);
Diffuse Horizontal Irradiance (DHI); Direct Normal Irradiance (DNI); Global Horizontal
Illuminance (GHE); Ultra-Violet irradiation (UVA); and erythemally effective irradiation
(UVeff).
2.1 Met Office Integrated Data Archive System
The UK Met Office maintain an on-line database of weather and climate variables
recorded from 1853 until today (8). The database is called Met Office Integrated Data
Archive System (MIDAS) and can be freely accessed for academic research use (9).
Among the hourly recordings, both total cloud cover and global horizontal irradiation
are available, although they can be found in two distinguished MIDAS datasets. The
total cloud cover is part of the synoptic standard measurements, hence it is recorded
at a large number of stations. Cloud cover is reported in oktas, i.e. integer numbers
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Table 1: List of UK solar radiation measurement networks and type of data mea-
sured by each network.
Network
name
# stations
in UK
Freq. Period GHI
[W/m2]
DHI
[W/m2]
DNI
[W/m2]
GHE
[lx]
UVA
[W/m2]
UVeff
[mW/m2]
MIDAS 85i 1 hr 1947–now ×
BSRN 2 1 min 2001–now × × ×
PHE 9 5 min 2004–now × × ×
i Operating for at least 10 years in the period 1998–2017.
from 0 to 8 indicating the portion of the sky vault covered by clouds (both thin and
opaque). MIDAS series contain also cloud cover values of 9, to signal that the sky
condition was dominated by non-meteorological elements, such as pollution, volcanic
ashes, etc. Historically, observations were made by trained personnel, but in recent
years most stations became fully automated and cloud cover is recorded with
ceilometers instead. This transition is potentially problematic for solar radiation
models that use cloud cover values to derive irradiances: those empirical models
were based on human sky observations, which tend to differ systematically from
automated oktas readings. Smith et al. (10) found that automated readings tend to
overestimate the frequency of clear and overcast conditions, whereas they
underestimate the number of intermediate skies. Cloud cover hourly data from MIDAS
were used for the creation of CIBSE climate files, as an input parameter for the Cloud
Radiation Model (CRM) (11) when calculating the three irradiance components. The
CRM model was tested in the present paper using these same data.
Solar radiation measurement is more sparse than cloud cover. Only global horizontal
irradiation is measured in most stations; diffuse irradiation recording stopped around
2006 – when the number of manned stations was drastically reduced – as it required
manual adjustment of the pyranometers’ shadow ring (12). The first year on MIDAS
radiation records is 1947, when measurements began being collected at Kew
Gardens, London. Since then, the number of stations in the solar radiation network
increased, but not all of them provided a continuous service for a long period of time.
Section 4.1 illustrates the current availability of irradiation data from MIDAS. These
data were then used as input for the Skartveit and Olseth separation model – used to
derive direct and diffuse irradiation from global horizontal irradiation – tested in this
paper (13).
2.2 Baseline Surface Radiation Network
The Baseline Surface Radiation Network (BSRN) was set up to collect long-term data
on the variability of solar irradiance at the earth’s surface. It is a worldwide
measurement network recording all three components of solar irradiation: global
horizontal, direct normal, and diffuse horizontal. These values are recorded at one
minute frequency by three separate high accuracy instruments (14, 15).
There are only two BSRN stations in the UK: one is in Camborne, Cornwall; the
second is in Lerwick, Shetlands. Because of this sparse spatial density, these data
cannot be used for the creation of standard climate files. However, they were used as
reference when validating the solar radiation models in this study.
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Figure 1: (a) Location of the 14 climate files released by CIBSE in 2016 and (b)
location of the weather stations associated to the three measuring networks con-
sidered for this study and listed in Table 1.
2.3 Public Health England Solar Network
Public Health England (PHE) is an executive agency sponsored by the British
Department of Health. Among different network established to monitor environmental
factors that might pose a risk to people’s health, PHE records solar radiation UV levels
at nine locations in the UK. At each station, three measurements are recorded every
five minutes: erythemally effective UV (UVeff), UVA, and global horizontal illuminance
(16). This study used illuminance values to evaluate the Perez luminous efficacy
model (17), which is the most widely used model of this type in daylight simulation.
3 Methodology
The aim of this study was to identify potential improvements to the quality of solar
radiation data contained in CIBSE climate files. The CRM model currently
implemented to derive all irradiation components from cloud cover was compared to a
new approach, consisting of a separation model – i.e. the Skartveit and Olseth model
(13) – to derive diffuse and direct components from MIDAS measured global
irradiation. Before proceeding to the analysis of solar radiation models, it was
necessary to understand what type of measured data are collected for the UK territory.
The most readily available measurement networks were listed in the previous section.
A survey of MIDAS and PHE data was conducted, to understand the quality and
completeness of these datasets. For the creation of a TMY, at least 10 years of good
quality data are necessary for a correct representation of the prevailing climate (3,
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18). Some records can contain many missing data as a result of instrumentation
errors; an instrument might have failed, or it might have recorded data that did not
pass the quality control procedure. These gaps in the records can be filled by linear
interpolation or by deriving the missing values from other variables. The uncertainty in
the resulting record grows linearly with the ratio of filled data (19). In the present
study, any year with more than 2% of missing data (roughly equivalent to one week of
hourly data) was discarded; for years with less than 2% of missing data, the gaps
were filled by linear interpolation, resulting in complete years. Then the weather
stations with more than 10 complete years of records were identified and plotted on a
map of the UK to assess their spatial coverage.
The BSRN data were used as reference for the analyses to follow, but they will not be
considered for the creation of climate files, as they are collected only at two locations.
For consistency, it is preferable to use the same type of input data and models for all
climate file locations, rather than selecting the most accurate source for each location.
Accordingly, if a climate file was to be created for Camborne, the irradiation values
collected by the Met Office would be used instead of those from the BSRN, even if
BSRN data are more accurate.
Once that quality and completeness of MIDAS irradiation data and PHE illuminance
data were assessed, the second part of this study evaluated the current and proposed
CIBSE file implementation of solar radiation models by making the following
comparison:
i CRM modelled from CC against BSRN measured (GHI, DNI, DHI);
ii MIDAS measured against BSRN measured (GHI);
iii separation models against BSRN measures (DNI, DHI);
iv CBDM interior illuminances obtained by using irradiances from (i), (ii+iii) and
BSRN measured.
CC = Cloud Cover; GHI = Global Horizontal Irradiance; DNI = Direct Normal
Irradiance; DHI = Diffuse Horizontal Irradiance.
The investigated correlations aimed at assessing: (i) the uncertainty in current
irradiance data within CIBSE files; (ii) the agreement between measurements
collected by the MIDAS network and at BSRN stations; (iii) the uncertainty of the
proposed implementation to derive direct and diffuse components from MIDAS
measured irradiation data; and (iv) the uncertainty in CBDM results due to the use of
different solar radiation models. For step (iii), various separation models were first
tested. The literature offers several separation models which were validated and
tested for a wide range of locales in previous studies. For the present analysis, a
selection of the most accurate and common models was made, and these were tested
against Camborne data. The models considered here were: Erbs (20), as it is already
implemented in Radiance commands; Reindl (21), as it can be found in DAYSIM;
Muneer and Saluja (22), as it was suggested in CIBSE Guide J (23); and the Skartveit
and Olseth model (13), as it was found to be an accurate and widely applicable model
in previous studies (24, 25).
All the analyses were carried out on a single year (2016) and for a single location
(Camborne), where data are collected by all of the considered networks; the analysed
time series were first checked for errors with a quality control procedure similar to the
one defined by Journée and Bertrand (19) for Belgian networks. The uncertainty was
quantified in absolute and relative terms of Mean Bias Error (MBE) and Mean
Absolute Error (MAE).
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The CBDM analysis was performed on a case study classroom previously employed
by the authors and available online for download (26, 27). Figure 2 shows the model
exterior and the interior plan view, with the contour of the working plane in red. The
room is a side-lit space with a curtain-wall oriented towards due South; the interior
surfaces were assigned standard reflectance values (20% for the floor and external
ground plane, 50% for walls, and 70% for the ceiling), furniture was not included in the
simulation. To test the different solar radiation models, three .wea files were created
from the following direct normal and diffuse horizontal irradiance time series: hourly
averaged BSRN measured data; cloud cover-derived data via the CRM; and data
derived from global horizontal irradiance via the Skartveit and Olseth model. The
luminous efficacy model that allows conversion from irradiance to illuminance was the
Perez model (17) for all cases; similarly, the sky luminance distribution model adopted
within all simulation processes was the Perez All-Weather model (28). In this way, the
isolated influence of the climate files’ solar radiation models on CBDM illuminance
results could be evaluated.
(a) (b)
Figure 2: Exterior view (a) and interior plan view (b) of the classroom model used
as case study for CBDM evaluations.
4 Results
The results from the analysis on solar radiation data and models are presented here
in two parts: in section 4.1, data from MIDAS and PHE are surveyed and visualised to
show their temporal and spatial availability; in section 4.2, the solar radiation models
presented in the Methodology section are tested against BSRN measured data and
the resulting yearly records are used in a CBDM evaluation. Average internal
illuminance is then used to test the sensitivity of the CBDM evaluation to changes in
solar radiation model.
4.1 MIDAS and PHE Networks Survey
MIDAS solar radiation data from the last 20 years were tested for completeness and
recording length. In total, 269 weather stations held some records within the period
1998–2017; of these, 85 stations recorded global irradiation data for more than 10
years, with variable degrees of completeness. Figure 3(a) shows the ratio of missing
data for these 85 stations during the 20 years period. A progressive improvement in
the dataset is evident from the figure, especially from 2010 onwards.
A 2% threshold of missing data was used to select only those weather stations that
had long-term complete or almost-complete records (also called ‘full records’ from
here onwards), and that could be used to provide irradiation data for the creation of
representative climate files. The map in figure 3(b) shows 52 locations for which full
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records from 10 or more recent years are available. Compared to the map in figure
1(a), showing the CIBSE dataset locations, it appears that these 52 stations could
adequately cover similar areas. More evaluations on the spatial density will be carried
out in further studies.
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Figure 3: Temporal (a) and spatial (b) availability of global irradiation data from
the MIDAS database.
The same analysis was carried out on the illuminance data from the PHE network.
The dataset is smaller than MIDAS, with less measuring stations and fewer years or
records. Unfortunately, there are also a lot of missing data within the available
records, as shown in figure 4. This means that – for the moment – it is not possible to
use measured illuminance data when creating TMY files for UK locations. Any
evaluation that makes use of illuminance values has to rely on luminous efficacy
models to derive those from irradiance. Nevertheless, data from the PHE network can
be valuable for a models’ validation. It is the authors’ intention to use these data to
test the influence of luminous efficacy models on CBDM results.
The survey of available solar radiation data for the UK was instrumental for the
following analyses, to understand which data can be used for practical purposes and
which others are not yet ready to be exploited. It is hoped that the availability and
quality of the analysed databases will only improve in future, offering even more
reliable information to the building performance simulation community.
4.2 Solar Radiation Models and CBDM Analysis
Once the quality and completeness of solar networks data were assessed, the study
proceeded with the analysis on solar radiation models. At first, the CRM solar
radiation model implemented in the current CIBSE files was investigated by
comparing it to the reference BSRN measured data for Camborne. Results showed
that the model introduces a highly significant uncertainty in irradiance values
contained within the climate files. The uncertainty is particularly high for the direct
normal irradiance component, which is essential for daylighting studies. The
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Figure 4: Temporal availability of global horizontal illuminance data from the PHE
network.
regressions shown in figure 5 illustrate how irradiance values derived from cloud cover
through the use of the CRM compare with measurements from the BSRN. The global
horizontal component (GHI) presented in the first plot is the one that the model can
predict best; the coefficient of determination r2 = 0.85 is sufficiently high, but the
model tends to under-predict irradiances. The correlation found for the direct normal
component (DNI) presents severe scattering of values and a low coefficient of
determination, with a tendency of grouping prediction around similar value ranges,
likely caused by a simplistic derivation from oktas values. The diffuse horizontal
irradiance (DHI) is also poorly predicted, with a coefficient of determination r2 = 0.64.
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Figure 5: Linear regression between reference BSRN measured irradiances and
CRM-modelled irradiances. The three plots show the irradiance components:
global horizontal irradiance (GHI), direct normal irradiance (DNI), and diffuse hor-
izontal irradiance (DHI).
Given the generally poor accuracy in predictions when using the CRM, and the
sufficient availability of global horizontal irradiation measurements collected by the
Met Office, an alternative solution based on the use of such global measurements and
of a separation model to derive direct and diffuse components was deemed worthy of
investigation. First, the agreement between global irradiation data measured by the
BSRN and by the Met Office at the same location was tested. BSRN 1-minute data
were averaged at hourly time steps and compared with MIDAS values. As shown in
figures 6 and 7, the relative mean bias error between the two dataset is equal to 3%,
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Figure 6: Absolute and relative Mean Bias Errors affecting the currently used so-
lar radiation model (CRM), the global irradiance measurements taken by the Met
Office (MIDAS), and the direct and diffuse components derived from various sep-
aration models. The errors are calculated using the BSRN measured irradiances
as reference.
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Figure 7: Absolute and relative Mean Absolute Errors affecting the currently
used solar radiation model (CRM), the global irradiance measurements taken
by the Met Office (MIDAS), and the direct and diffuse components derived from
various separation models. The errors are calculated using the BSRN measured
irradiances as reference.
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while the relative mean absolute error is equal to 7%. Such errors can be considered
acceptable and well within the typical range of uncertainty of BPS. Their linear
regression is also shown in the first plot of figure 8, confirming the good agreement
between the two measuring instruments and datasets.
Different separation models – listed in Section 3 – were then investigated and
compared to each other. The errors found for each of them are shown in figures 6 and
7, which report the mean bias and mean absolute errors. The errors introduced by the
CRM are also presented in those figures to assess whether the use of separation
models can offer any improvement on the current implementation. It is clear from the
error plots that any separation model could reduce the uncertainty caused by the
CRM when deriving the direct normal component. The uncertainty related to the
diffuse irradiance is only slightly reduced. Among the considered models, the Reindl
and Skartveit ones showed the best performance for both irradiance components, and
in terms of both rMBE and rMAE. The Erbs and Muneer models were found to be
slightly worse predictors of direct and diffuse irradiances, but still producing better
estimates than the CRM. The Reindl model is characterised by a rMBE of 13% and
3% for direct and diffuse irradiances, and a rMAE of 31% and 20% for the same two
components. The Skartveit model is characterised by a rMBE of 11% and 4% and a
rMAE of 29% and 20% for direct and diffuse irradiances, respectively. The Skartveit
model is considered to be better suited for implementation in climate files, as it
requires only global horizontal irradiance and solar geometry data as input; whereas
the Reindl model needs information on temperature and humidity too.
The correlation between BSRN data and Skartveit-derived direct and diffuse
component is displayed in figure 8. The coefficient of determination r2 is satisfactory
for both components (r2 = 0.83 for DNI and r2 = 0.84 for DHI) and a large
improvement from the use of CRM values can be observed (compare figure 5).
Figure 8: Linear regression between BSRN irradiance data and the irradiance
components obtained with the proposed method. The global horizontal irradi-
ance (GHI) presented in the first plot is obtained from measurement collected
in the MIDAS database. The direct normal and diffuse horizontal components
shown in the other two plots are obtained from the MIDAS GHI using the Skartveit
and Olseth separation method.
The last step of this study showed that CBDM results can also improve in reliability
when using irradiance values obtained with this proposed approach, i.e. measured
global irradiances from MIDAS and Skartveit-derived direct and diffuse irradiances.
Working plane averaged internal illuminance values obtained from a CBDM simulation
were used to compare the current and the proposed approaches. Both total and direct
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Figure 9: Linear regression between internal illuminance values simulated us-
ing BSRN irradiances (reference) and values simulated using either CRM- or
Skartveit-derived irradiances. The plot on the left shows total illuminances aver-
aged across the working plane; the plot on the right shows direct illuminances,
also averaged across the working plane.
illuminances were considered in the analysis, as direct illuminance is often
characterised by higher uncertainties. Illuminance results obtained when using BSRN
measured irradiances as input were used as reference.
Figure 9 shows the linear regression between the reference results – simulated from
BSRN data – and the two models under analysis, the CRM and the Skartveit model.
In both plots the illuminances averaged across the working plane at each hour of the
year are visualised, excluding the night-time hours which resulted in zero illuminance
values. The plot on the left shows total illuminances, i.e. direct and reflected daylight
coming from both sun and sky. The plot on the right shows only the direct sunlight
illuminance that enters the space and falls directly onto the working plane.
The Skartveit model offers a noticeable improvement in daylight annual predictions,
compared with the values obtained from the CRM. The total illuminances simulated
using Skartveit-derived irradiances are in particular good agreement with those
simulated using BSRN-measured irradiances, with a coefficient of determination
r2 = 0.95. The direct illuminances show a larger scatter around the regression line
(r2 = 0.87), but an improvement from the results obtained with the CRM can still be
noticed.
It is expected that annual CBDM metrics based on total illuminance might show a
smaller difference between the use of the two model considered here. However,
metrics based on direct illuminances (e.g. Annual Sunlight Exposure) and any
evaluation performed on single moments in time (e.g. Daylight Glare Probability) are
likely to be significantly affected by the application of different solar radiation models.
The implementation of the approach proposed in this paper should therefore
significantly improve the reliability of such evaluations.
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5 Conclusion
The study presented in this paper investigated the influence on CBDM evaluations of
solar radiation models applied within the creation of climate files. Findings showed
that the solar radiation model currently implemented in CIBSE files (i.e. the Cloud
Radiation Model) tends to under-predict all solar irradiance components, by as much
as 30% in case of the direct normal irradiance (under-predictions of 16% and 2%
were found for global and diffuse horizontal irradiances, respectively).
A novel approach, based on the use of Met Office radiation data and on the Skartveit
separation model, was therefore proposed. The new approach can limit bias in
irradiance predictions to ±11%. Met Office solar radiation data were first surveyed for
availability and completeness; they were found to offer adequate coverage of the UK
territory, during a sufficiently long recording period to allow for the creation of typical
meteorological years for building performance simulation.
The improved approach to derive direct and diffuse irradiance values led to a
significant improvement in CBDM illuminance results as well. It is expected that other
building performance analyses that rely heavily on solar radiation data will be affected
by this change in solar radiation model. These effects will be investigated in further
studies.
References
(1) Kershaw, T. “Climate Change and its Impact”. In: Climate Change Resilience in
the Urban Environment. IOP Publishing, 2017. Chap. 1, pp. 1–27.
(2) Barnaby, CS and Crawley, DB. “Weather Data”. In: Building Performance
Simulation for Design and Operation. Ed. by Hensen, JL and Lamberts, R.
Spon Press, 2011. Chap. 3.
(3) Wilcox, S and Marion, W. “Users manual for TMY3 data sets”. In: National
Renewable Energy Laboratory Technical Report NREL/TP-581-43156 (2008).
(4) Eames, M, Ramallo-Gonzalez, A, and Wood, M. “An update of the UKs test
reference year: The implications of a revised climate on building design”. In:
Building Services Engineering Research and Technology 37.3 (2015),
pp. 316–333.
(5) Copper, JK and Sproul, AB. “Comparative building simulation study utilising
measured and estimated solar irradiance for Australian locations”. In:
Renewable Energy 53 (2013), pp. 86–93.
(6) Iversen, A, Svendsen, S, and Nielsen, T. “The effect of different weather data
sets and their resolution on climate-based daylight modelling”. In: Lighting
Research and Technology 45.3 (2012), pp. 305–316.
(7) Bellia, L, Pedace, A, and Fragliasso, F. “The role of weather data files in
Climate-based Daylight Modeling”. In: Solar Energy 112 (2015), pp. 169–182.
(8) Office, M. Met Office Integrated Data Archive System (MIDAS) Land and
Marine Surface Stations Data (1853–current). Ed. by Centre, NBAD.
http://catalogue.ceda.ac.uk/uuid/220a65615218d5c9cc9e4785a3234bd0.
[Online; accessed 07/11/2018]. 2012.
(9) Met Office. Met Office Integrated Data Archive System (MIDAS) Land and
Marine Surface Stations Data (1853-current). 2012.
Page 12 of 14
CIBSE Technical Symposium, Sheffield, UK 25-26 April 2019
(10) Smith, CJ, Bright, JM, and Crook, R. “Cloud cover effect of clear-sky index
distributions and differences between human and automatic cloud
observations”. In: Solar Energy 144 (2017), pp. 10–21.
(11) Muneer, T. Solar Radiation and Daylight Models. 2004, p. 345.
(12) Radiation Observation Data Table.
http://artefacts.ceda.ac.uk/badc_datadocs/ukmo-midas/RO_Table.html.
[Online; accessed 14/11/2018].
(13) Skartveit, A and Olseth, JA. “A model for the diffuse fraction of hourly global
radiation”. In: Solar Energy 38.4 (1987), pp. 271–274.
(14) Ohmura, A, Dutton, EG, Forgan, B, Fröhlich, C, Gilgen, H, Hegner, H, Heimo, A,
König-Langlo, G, McArthur, B, Müller, G, Philipona, R, Pinker, R, Whitlock, CH,
Dehne, K, and Wild, M. “Baseline Surface Radiation Network (BSRN/WCRP):
New Precision Radiometry for Climate Research”. In: Bulletin of the American
Meteorological Society 79.10 (1998), pp. 2115–2136.
(15) Driemel, A et al. “Baseline Surface Radiation Network (BSRN): Structure and
data description (1992-2017)”. In: Earth System Science Data 10.3 (2018),
pp. 1491–1501.
(16) Public Health England Solar Monitoring Network.
https://uk-air.defra.gov.uk/research/ozone-uv/uv-uk-monitoring.
[Online; accessed 07/11/2018].
(17) Perez, R, Ineichen, P, Seals, R, Michalsky, J, and Stewart, R. “Modeling
daylight availability and irradiance components from direct and global
irradiance”. In: Solar Energy 44.5 (1990), pp. 271–289.
(18) Remund, J. Analysis of recent trends of global radiation ground measurements.
Description for final report of IEA SHC Task 36. Tech. rep. Bern, Switzerland:
Meteotest, 2010.
(19) Journée, M and Bertrand, C. “Quality control of solar radiation data within the
RMIB solar measurements network”. In: Solar Energy 85.1 (2011), pp. 72–86.
(20) Erbs, DG, Klein, SA, and Duffie, JA. “Estimation of the diffuse radiation fraction
for hourly, daily and monthly-average global radiation”. In: Solar Energy 28.4
(1982), pp. 293–302.
(21) Reindl, D, Beckman, W, and Duffie, J. “Diffuse fraction correlations”. In: Solar
Energy 45.1 (1990), pp. 1–7.
(22) Muneer, T and Saluja, GS. “Correlation between hourly diffuse and global solar
irradiation for the UK”. In: Building Services Engineering Research and
Technology 7.1 (1986), pp. 37–43.
(23) CIBSE. Weather, Solar and Illuminance Data - CIBSE Guide J. Tech. rep.
London, UK: The Chartered Institution of Building Service Engineers, 2002,
p. 455.
(24) Copper, JK and Sproul, AB. “Comparative study of mathematical models in
estimating solar irradiance for Australia”. In: Renewable Energy 43 (2012),
pp. 130–139.
(25) Gueymard, CA and Ruiz-Arias, JA. “Extensive worldwide validation and climate
sensitivity analysis of direct irradiance predictions from 1-min global irradiance”.
In: Solar Energy 128 (2016), pp. 1–30.
Page 13 of 14
CIBSE Technical Symposium, Sheffield, UK 25-26 April 2019
(26) Brembilla, E, Hopfe, C, and Mardaljevic, J. “Influence of input reflectance values
on climate-based daylight metrics using sensitivity analysis”. In: Journal of
Building Performance Simulation 11.3 (2018), pp. 333–349.
(27) Brembilla, E. Classrooms 3D models.
https://figshare.com/articles/Classrooms_3D_models/3118081. [Online;
accessed 15/11/2018]. 2016.
(28) Perez, R, Seals, R, and Michalsky, J. “All-weather model for sky luminance
distribution–Preliminary configuration and validation”. In: Solar Energy 50.3
(1993), pp. 235–245.
Acknowledgements
The authors acknowledge the support of CIBSE and Loughborough University. Also,
they would like to thank Dr Matt Eames for the information provided on the creation of
existing CIBSE climate files. Further acknowledgements go to the people and
agencies responsible for the data networks used in the study: The MIDAS data were
kindly made available by the MetOffice; Public Health England kindly supplied data
under the Open Government Licence; and the BSRN data for Camborne and Lerwick
were kindly provided by the World Radiation Monitoring Center (WRMC).
Page 14 of 14
